BOOSTER CIRCUIT AND METHOD FOR CONTROLLING THE SAME 

INCORPORATION BY REFERENCE 

The present application claims priority under 35 U.S.C. §119 to Japanese Patent 
5 - Application No. 2003-112981 filed on April 17, 2003. The content of the application is 
incorporated herein by reference in its entirety. 

BACKGROUND OF THE INVENTION 

The present invention relates to a booster circuit and a method for controlling the 

10 same. 

Fig. 5 shows a conventional booster circuit such as in Japanese Patent Publication 
Hei 06-311733. A booster circuit 300 is equipped with a series circuit formed from an 
inductor L and a diode D placed between a battery B and an electrical load F. A transistor 
Ql (e.g., a MOS-FET) is placed between the inductor L and the diode D to allow exciting 

15 current to flow or stop. Also, the cathode end of the diode D is grounded by way of a 
capacitor C. Also, the booster circuit 300 is equipped with a booster control module 400 for 
turning the transistor Ql on and off. 

The booster control module 400 is formed from an ECU (electronic control unit) 
equipped with a ROM, a RAM, a CPU (central processing unit), and the like (not shown in 

20 the figure). In Fig. 5, the blocks in the booster control module 400 indicate control blocks 
representing functions executed by the CPU. The different modules shown in Fig. 5 
represent functions executed by the control program and do not represent independent 
hardware units. 

The booster control module 400 includes a target booster voltage setting module 
25 410, a feedback control module 420, and a PWM output module 430. The target booster 
voltage setting module 410 reads a target booster voltage Vb P i g * stored ahead of time in the 
ROM mentioned above and sends the target booster voltage V bpig * to a feedback control 
module 420. 

The feedback control module 420 calculates the deviation between the target 
30 booster voltage V bpig * and an actual booster voltage V bp i g received by way of an A/D 
converter not shown in the figure. In order to reduce this deviation, i.e., to provide feedback 
control, proportional (P), integration (I), and deviation (D) operations are performed to 



calculate control values for the transistor Ql. Furthermore, the feedback control module 

420 calculates a duty ratio (on-duty) a corresponding to the calculated control value and 

sends this to a PWM output module 430. 

At the PWM output module 430, conversion to a duty ratio drive signal (PWM 
5 drive signal) is based on the duty ratio (on-duty) a The converted duty ratio drive signal is 

applied to the transistor Ql of the booster circuit 300. This duty ratio drive signal provides 

duty control for the transistor QL 

More specifically, as a result of this duty control, the transistor Ql performs 

switching as shown in Fig. 6, leading to the repeated build-up and discharge of energy in 
10 the inductor L. This causes a high voltage to appear on the cathode side of the diode D 

during discharges. As Fig. 6 shows, To: represents on time, T is the pulse period, and a is 

the duty ratio (on-duty). 

Current flows through the inductor L when the transistor Ql is turned on and 

current flow through the inductor L is cut off when the transistor Ql is turned off. When the 
15 current through the inductor L is cut off, a high voltage is generated on the cathode side of 

the diode D to prevent the magnetic flux from changing due to the current stopping. By 

repeating this process, the cathode side of the diode D is made to repeatedly generate a high 

voltage, which the capacitor C smoothes (charges), resulting in a boosted capacitor voltage 

(hereinafter referred to as actual booster voltage V bp i g ). 
20 The booster circuit 300 associates the boosted voltage with the duty ratio of a duty 

ratio drive signal output from the booster control section 400. If the duty ratio is high, the 

actual booster voltage V bp i g increases. If the duty ratio is low, the actual booster voltage 

Vbpig decreases. 

The present applicant has proposed, such as in Japanese Patent Publication 
25 2003-89360, a booster circuit which, instead of the diode D described above, is equipped 
with transistor (MOS-FET) with a drain connected to an electrical load F and a source 
connected to the inductor L. In this arrangement, two transistors are turned on and off in an 
alternating manner, providing synchronous rectification control. For feedback control, a 
control method similar to the conventional example shown in Fig. 5 is used. 
30 Conventional feedback control works with no problems if a power supply voltage 

(input voltage) V P i g is stable. However, during the initial period where there is no feedback, 
if the power supply voltage V pig changes, the actual booster voltage V bp jg increases when 
the power supply voltage V pig increases because the duty ratio (on duty) a does not change. 
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Conversely, when the power supply voltage V P j g decreases, the actual booster voltage Vb P i g 
also decreases. Then, with feedback control, the deviation between a target booster voltage 
V bp ig* and the changed actual booster voltage Vb P i g also changes. By varying the duty ratio 
(on duty) calculated to eliminate this deviation, the voltage is made to converge to the target 
5 booster voltage. 

However, there is a limit to the degree of responsiveness possible with feedback 
control. Thus, it is not possible to track sudden changes in the power supply voltage V P i g , 
which can make the actual booster voltage Vb p i g unstable. 

10 OBJECT AND SUMMARY OF THE INVENTION 

The object of the present invention is to provide a booster circuit and control 
method for the same that overcomes the problems described above and prevents changes in 
the actual booster voltage associated with sudden changes in a power supply voltage (input 
voltage). 

15 In order to overcome the problems described above, the invention provides a 

booster circuit wherein energy is stored in an inductor when a switching element is on and 
the energy is superposed onto an input voltage to charge a capacitor disposed at an output 
side when the switching element is off. The booster circuit includes detecting means 
detecting the input voltage and an actual booster voltage on the capacitor side, target 

20 booster setting means setting a target booster voltage, duty ratio setting means setting a 
duty ratio so that deviation between the target booster voltage and the actual booster 
voltage is eliminated, and controlling means calculating a correction value based on an 
input voltage change obtained from the input voltage, correcting the duty ratio with the 
correction value, and performing feedback control based on the new duty ratio by turning 

25 the switching element on and off. 

The correction value is a ratio between an input voltage change calculated from the 
input voltage and the target booster voltage. 

Also, the correction value can be a ratio between an input voltage change 
calculated from the input voltage and the actual booster voltage. 

30 The invention provides a method for controlling a booster circuit wherein energy is 

stored in an inductor when a switching element is on and the energy is superposed onto an 
input voltage to charge a capacitor disposed at an output side when the switching element is 
off. The method for controlling a booster circuit includes a step for detecting the input 
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voltage and an actual booster voltage on the capacitor side, a step for setting a duty ratio to 
eliminate a deviation between the target booster voltage and the actual booster voltage, a 
step for calculating a correction value based on an input voltage change obtained from the 
input voltage, and a step for performing feedback control by turning on and off the 
5 switching element based on a new duty ratio formed by correcting the duty ratio with the 
correction value. 

Again, the correction value is a ratio between the input voltage change calculated 
based on the input voltage and the target booster voltage, or the correction value is a ratio 
between the input voltage change calculated based on the input voltage and the actual 
10 booster voltage. 

The above, and other objects, features and advantages of the present invention will 
become apparent from the following description read in conjunction with the 
accompanying drawings, in which like reference numerals designate the same elements. 

15 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is an electrical circuit diagram of a booster circuit implementing a first 
embodiment of the present invention; 

Fig. 2 is a flowchart of a booster control program; 

Fig. 3 is a waveform diagram of a duty ratio drive signal; 
20 Fig. 4 is an electrical circuit diagram of a booster circuit according to a second 

embodiment; 

Fig. 5 is an electrical circuit diagram of a prior art booster circuit; and 
Fig. 6 is a waveform diagram of a PWM drive signal for the transistor Ql depicted 
in Fig. 5. 

25 

List of designators: 
100: booster circuit 

200: booster control section (detecting means, target voltage setting means, duty ratio 
setting means, controlling means) 
30 V pig : power supply voltage (input voltage) 
AV P i g : input voltage change 
Vb p i g : actual booster voltage 
V bp ig*: target booster voltage 
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a: duty ratio (on duty) 
j3: correction value 
B: battery 
L: inductor 
5 C: capacitor 

Ql: transistor (switching element) 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

An embodiment of a booster circuit that implements the present invention will be 

10 described with references to Fig. 1 through Fig. 3. Fig. 1 is an electronic circuit diagram of 
a booster circuit 100. Fig. 2 is a flowchart of a control program. Fig. 3 is a waveform 
diagram of a duty ratio drive signal. 

In this embodiment, the booster circuit 100 boosts the power supply voltage (input 
voltage), which is a battery voltage. Elements identical with those from the conventional 

15 technology described above will be assigned the same numerals and detailed descriptions 
thereof will be omitted. 

In this embodiment, a transistor Q2 is used in place of the diode D from the 
conventional technology. The source of the transistor Q2 is connected to the output terminal 
of the inductor L and the drain is connected to an electrical load F. Also, the gate of the 

20 transistor Q2 is connected to a booster control section 200. A capacitor C is connected to 
the drain, which serves as the output terminal of the transistor Q2. The drain of a transistor 
Ql is connected to the connection point between the output terminal of the inductor L and 
the transistor Q2 and the source is connected to ground. The gate of the transistor Ql is 
connected to the booster control section 200. 

25 In order to allow voltage detection at a voltage application point PI, which is the 

connection point between a battery B and the inductor L, the voltage application point PI is 
connected to an A/D converter (not shown) and a voltage input port of a CPU (not shown) 
of the booster control section 200. This allows the power supply voltage (input voltage) V P i g 
to be detectable as an actual measurement value. Also, in order to allow voltage detection at 

30 a voltage application point P2, which is the connection point between the capacitor C and 
the electrical load F, the voltage application point P2 is connected to an A/D converter (not 
shown) and the voltage input port of the CPU (not shown) of the booster control section 
200. This allows the actual booster voltage V bp j g to be detectable as an actual measurement 
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value. 

The transistor Ql and the transistor Q2 are n-channel MOSFETs. The transistor Ql 
corresponds to the switching element in the present invention. Next, the booster control 
section 200, which controls the two transistors, will be described. 
5 The booster control section 200 is formed from an ECU (electronic control unit) 

equipped with a ROM, a RAM, a CPU (central processing unit), and the like not shown in 
the figure. In Fig. 1, the blocks inside the booster control section 200 indicate control 
blocks representing functions executed by the CPU through a booster control program 
stored in the ROM. The different sections shown in the figure represent functions executed 

10 by the control program rather than independent hardware units. 

The booster control section 200 is equipped with a target booster voltage setting 
section 210, a feedback control section 220, a PWM output section 230, a differentiator 240, 
a correction calculating section 250, and an adder 260. The target booster voltage setting 
section 210 reads the target booster voltage V bp i g * stored ahead of time in the ROM and 

15 sends the target booster voltage Vb P i g * to the feedback control section 220. 

The feedback control section 220 calculates the deviation between the target 
booster voltage Vb P i g * and the actual booster voltage Vb P i g input by way of the A/D 
converter and the voltage input port (not shown in the figure). In order to reduce this 
deviation, i.e., to perform feedback control, the feedback control section 220 performs 

20 proportion (P), integration (I), and differentiation (D) operations to calculate a control value 
for the transistor Ql. Then, the feedback control section 220 calculates a duty ratio (on 
duty) a corresponding to the calculated control value. This is output to the adder 260. 

The differentiator 240 takes a time deviation of the power supply voltage (input 
voltage) Vpjg from the voltage application point PI received via the A/D control section and 

25 the voltage input port. This results in an input voltage change AV P j g . A correction 
calculation section 250 calculates a correction amount (correction value) associated with 
the input voltage change AV p i g . In this embodiment, a correction value j3 is calculated as the 
ratio between the input voltage change AV p j g and the target booster voltage Vb p i g * 
(j3=AV P j g /Vb P i g *). Regarding input voltage change AV P j g obtained by taking a time 

30 differential, AV p jg>0 if the power supply voltage rises (increases), and AV pig <0 if the power 
supply voltage V pig drops (decreases). Thus, the correction value /3 will also take positive or 
negative values based on increases and decreases in the power supply voltage V pig . 

The adder 260 calculates a new duty ratio a by subtracting the ratio of the input 
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voltage change AV pig to the target booster voltage V bpig * (j3=AV p j g /Vb P i g *) from the duty ratio 
(on duty) a. This new duty ratio a is sent to the PWM output section 230. 

In the PWM output section 230, the new duty ratio (on duty) ex is converted to a 
duty ratio drive signal (PWM drive signal) for the transistor Ql, and this converted duty 
5 ratio drive signal is applied to the transistor Ql of the booster circuit 100. This duty ratio 
drive signal provides duty control for the transistor Ql. 

Also in the PWM output section 230, a duty ratio (l-|a|) for the transistor Q2 is 
determined based on the new duty ratio (on duty) a, and this duty ratio is converted to a 
duty ratio drive signal (PWM drive signal). This converted duty ratio drive signal is applied 

10 to the transistor Q2 of the booster circuit 100. This duty ratio drive signal provides duty 
control for the transistor Q2. In this manner, the transistor Ql and the transistor Q2 are 
controlled using a synchronous rectifier system (see Fig. 3) where on-off control is applied 
alternately between the transistor Ql and the transistor Q2. 

Fig. 3 shows a pulse signal (duty ratio drive signal) applied to the transistors Ql, 

15 Q2, where To: is on time, T is pulse interval, and a is the duty ratio (on duty) associated 
with the transistor Ql. The transistor Q2 receives a pulse signal (duty ratio drive signal) 
that is off when the transistor Ql is on and on when the transistor Ql is off. 

With this duty control, a current flows through the inductor L when the transistor 
Ql is on and the current to the inductor L is stopped when the transistor Ql is off. When the 

20 current flowing through the inductor L is stopped, a high voltage is generated at the drain 
side of the transistor Ql to prevent a change in the magnetic flux caused by the stopping of 
the current. This is repeated so that a high voltage is repeatedly generated on the drain side 
of the transistor Ql. This is then smoothed (charged) by the capacitor C, resulting in a 
boosted actual booster voltage Vb P i g . 

25 During this process, the booster circuit 100 associates the boosted voltage with the 

duty ratio of the duty ratio drive signal output from the booster control section 200. If the 
duty ratio is high, the actual booster voltage Vb P i g is high, and if the duty ratio is low, the 
actual booster voltage Vb P i g is low. 

When there is a change in the power supply voltage V P i g , the duty ratio a of the 

30 transistor Ql obtained by the feedback control section 220 is corrected using the ratio 
between the input voltage change AV p j g and the target booster voltage V bp i g * 
(j3=AV pig /Vbpig*)> resulting in a new duty ratio a In other words, feed-forward control is 
performed. 
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For example, if the power supply voltage V P i g increases, the correction value /3 
(>0) is subtracted from the duty, ratio (on duty) of the transistor Ql obtained by the 
feedback control section 220. The new duty ratio a for the transistor Ql will prevent an 
increase in the on duty resulting from the power supply voltage V p i g . 
5 If the power supply voltage V pig decreases, the correction value j8 (<0) is subtracted 

(more accurately, added, since the correction value is negative in this case) from the duty 
ratio (on duty) a of the transistor Ql obtained by the feedback control section 220. The new 
duty ratio a of the transistor Ql will prevent a decrease in the on duty resulting from the 
decrease in the power supply voltage V p j g . 

10 By providing feed-forward control over the duty ratio (on duty) a based on 

changes in the power supply voltage (input voltage) V P j g , changes in the actual booster 
voltage Vb P i g caused by changes in the power supply voltage (input voltage) V p j g can be 
prevented. More specifically, changes in the actual booster voltage V bp i g caused by sudden 
changes in the power supply voltage (input voltage) V P i g can be prevented. 

15 The booster control section 200 includes detecting means, target voltage setting 

means, duty ratio setting means, and controlling means. 

Fig. 2 is a flowchart of a booster control program executed by the CPU of the 
booster control section 200. The operations in the flowchart is executed at predetermined 
control intervals. 

20 At S10, various data, e.g., the target booster voltage Vb P i g *, the actual booster 

voltage V bp ig, and the power supply voltage (input voltage) V pig , is read. At S20, the 
deviation between the target booster voltage Vb P i g * and the actual booster voltage Vb P i g is 
calculated. At S30, proportion (P), integration (I), and differentiation (D) operations are 
performed on the deviation to calculate a control value for the transistor Ql. At S40, a duty 

25 ratio (on duty) a corresponding to the control value obtained at S30 is calculated. Steps S20 
through S40 correspond to the feedback control section 220. Also, step S40 corresponds to 
duty ratio setting means. 

At S50, a time differential of the power supply voltage (input voltage) V P i g is 
obtained to calculate an input voltage change AV pig . Step S50 corresponds to the 

30 differentiator 240. At S60, a correction value based on the input voltage change AV P i g is 
calculated. More specifically, the ratio of the input voltage change AV pig to the target 
booster voltage Vb P i g * is calculated as the correction value /3 (/3=AV p i g /V bp i g *)- At S70, the 
ratio of the input voltage change AV p j g to the target booster voltage V bp i g * (/?=AV P j g /Vb P i g *) 



is subtracted from the duty ratio (on duty) a, calculated as S40, and the new duty ratio a is 
set to this new value. Step S70 corresponds to the adder 260. Then, at step S80, conversion 
to a new duty ratio drive signal (PWM drive signal) for the transistor Ql is performed 
based on the new duty ratio (on duty) a, and this converted duty ratio drive signal is applied 
5 to the transistor Ql of the booster circuit 100. At step S 80, a duty ratio (l-|a|) for the 
transistor Q2 is obtained based on the new duty ratio (on duty) a, and this duty ratio is 
converted to a duty ratio drive signal (PWM drive signal). This converted duty ratio drive 
signal is applied to the transistor Q2 of the booster circuit 100. S80 corresponds to the 
PWM output section 230. 

10 The first embodiment has the following characteristics: 

(1) In the control method according to this embodiment, the power supply voltage 
(input voltage) V p i g and the actual booster voltage V bp i g are detected, the duty ratio a is set 
up to eliminate the deviation between the target booster voltage Vb P i g * and the actual 
booster voltage Vb P i g and a correction value /3 corresponding to the input voltage change 

15 A V p i g obtained based on the power supply voltage V p j g is calculated. More specifically, the 
correction value /3 is calculated as the ratio between the input voltage change AV P i g and the 
target booster voltage V bp i g * (j3=AV p i g /Vb P i g *)- The correction value /3 is subtracted from the 
duty ratio a, and the corrected value is set up as the new duty ratio ol Based on this new, 
corrected duty ratio, the transistor Ql (switching element) is switched on and off. This 

20 provides feedback control. 

The booster circuit 100 of the first embodiment is equipped with the booster 
control section 200 (detecting means) detecting the power supply voltage (input voltage) 
V p ig and the actual booster voltage Vb P i g . The booster control section 200 acts as target 
booster voltage setting means to set up the target booster voltage Vb p j g *. Then, the booster 

25 control section 200 (duty ratio setting means) sets the duty ratio a so that the deviation 
between the target booster voltage Vbpig* and the actual booster voltage Vb P i g is eliminated. 
Then, the booster control section 200 (controlling means) calculates the correction value (3 
based on the input voltage change AV p i g obtained using the power supply voltage (input 
voltage) V P ig. More specifically, the booster control section 200 calculates the correction 

30 value /? as the ratio between the input voltage change AV p i g and the target booster voltage 
Vb p i g * (j3= A Vpi g /V b pi g *). Then, booster control section 200 (controlling means) corrects the 
duty ratio (on duty) a using the correction value /3 and, using the new corrected duty ratio 
(on duty) a, switches the transistor Ql on and off to provide feedback control. 



9 



Be applying feed-forward control to the duty ratio (on duty) a based on changes in 
the power supply voltage (input voltage) V pig , changes in the actual booster voltage V bpi g 
based on changes in the power supply voltage V pig can be prevented, thus preventing 
changes in the actual booster voltage V bp i g resulting from sudden changes in the power 
5 supply voltage V p j g . As a result, feedback control responsiveness can be improved for 
changes in the power supply voltage (input voltage). 

A second embodiment will be described with reference to Fig. 4. Elements 
identical with those from the first embodiment will be assigned like numerals and the 
description will focus on the differences. 
10 The second embodiment calculates the correction value /5 in a different manner 

from the first embodiment. More specifically, in the structure of the booster circuit 100, as 
shown in Fig. 4, there is a correction value calculation section 250A instead of the 
correction value calculation section 250. Other elements are the same as those from the first 
embodiment. In the correction value calculation section 250A, the correction value /? is 
15 calculated as the ratio of the input voltage change AV pig to the actual booster voltage V bpig 
()8=AV pig A^ b p ig ). 

In the second embodiment, the booster control section 200 (the CPU not shown) 
executes a control program shown in the flowchart in Fig. 2 similar to that of the first 
embodiment. However, at step S60, the correction value 0 is calculated as the ratio of the 

20 input voltage change AV pig to the actual booster voltage V bpig (j3=AV pig /V bpig ). The other 
steps are the same as those from the first embodiment. 

In the second embodiment, if the power supply voltage rises (increases), the input 
voltage change AV pig obtained by applying time differentiation is AV pig >0. If the power 
supply voltage V pig drops (decreases), AV pig <0. Thus, the correction value /? here also takes 

25 positive and negative values depending on whether the power supply voltage V pig increases 
or decreases. 

The second embodiment has the following characteristics: 

(1) In the control method according to the second embodiment, the power supply 
voltage (input voltage) V pig and the actual booster voltage V bpig are detected, the duty ratio 
30 a is set up to eliminate the deviation between the target booster voltage V bpig * and the actual 
booster voltage V bpig , and a correction value (3 corresponding to the input voltage change 
AV p j g obtained based on the power supply voltage V pig is calculated. More specifically, the 
correction value /3 is calculated as the ratio between the input voltage change AV pig and the 
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actual booster voltage V bp i g (j3=AV P i g /Vb P ig). The correction value j3 is subtracted from the 
duty ratio a, and the corrected value is set up as the new duty ratio a Based on this new, 
corrected duty ratio, the transistor Ql (switching element) is switched on and off. This 
provides feedback control 
5 The booster circuit 100 of the second embodiment is equipped with the booster 

control section 200 (detecting means) detecting the power supply voltage (input voltage) 
Vpig and the actual booster voltage Vb P i g . The booster control section 200 acts as target 
booster voltage setting means to set up the target booster voltage Vb P i g *. Then, the booster 
control section 200 (duty ratio setting means) sets the duty ratio a so that the deviation 

10 between the target booster voltage V bp i g * and the actual booster voltage Vb P i g is eliminated. 

Then, the booster control section 200 (controlling means) calculates the correction 
value /3 based on the input voltage change AV p j g obtained using the power supply voltage 
(input voltage) V p i g . More specifically, the booster control section 200 calculates the 
correction value j3 as the ratio between the input voltage change AV p i g and the actual 

15 booster voltage Vb P i g (j3 = AV p j g /Vb P i g ). Then, booster control section 200 (controlling means) 
corrects the duty ratio (on duty) a using the correction value (3 and, using the new corrected 
duty ratio (on duty) a, switches the transistor Ql on and off to provide feedback control. 

As a result, the responsiveness of the feedback control applied to changes in the 
power supply voltage (input voltage) can be improved, and another embodiment is 

20 described below with reference to Figure 4. 

The embodiments of the present invention can be changed in the following 
manners. 

(1) In the embodiments the correction value 0 is set as the ratio between the input 
voltage change and the target booster voltage or the input voltage change and the actual 

25 booster voltage. However, the present invention is not restricted to this. For example, a 
constant can be multiplied to the input voltage change AV p j g to determine the correction 
value. 

(2) In the embodiments described above, the booster circuit 100 are equipped with 
the transistor Q2. However, it would also be possible to provide a booster circuit that 

30 replaces the transistor Q2 with a diode or Zener diode connected as described for the 
conventional technology. 

(3) In the embodiments described above, the element 210 through the element 260, 
indicated as blocks in the booster control section 200, are functions carried out by a single 



11 



» * ' . 



CPU. However, it would be possible to have the functions distributed among multiple 
CPUs. 

(4) A booster circuit as described above where the controlling means includes a 
correcting means to calculate a correction based on an input voltage change obtained based 

5 on the input voltage. In the embodiments above, the voltage booster control module 200 
corresponds to a controlling means. 

(5) A booster circuit as described above where the correcting means calculates the 
correction value as the ratio between the input voltage change calculated from the input 
voltage and the target booster voltage. 

10 

(6) A booster circuit as described above where the correcting means calculates the 
correction value as the ratio between the input voltage change determined from the input 
voltage and the actual booster voltage. 

15 (7) In the embodiments described above, the operations for steps S50, S60 are 

performed after the steps S20 through S40, but it would also be possible for the operations 
for steps S50, S60 to be performed before step S20 through step S40. 

With the invention described and as presented in detail above, changes in the 
actual booster voltage resulting from sudden changes in the power supply voltage (input 

20 voltage) can be prevented. 

Having described preferred embodiments of the invention with reference to the 
accompanying drawings, it is to be understood that the invention is not limited to those 
precise embodiments, and that various changes and modifications may be effected therein 
25 by one skilled in the art without departing from the scope or spirit of the invention as 
defined in the appended claims. 



12 



